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ABSTRACT
New FLAMES/GIRAFFE public data allows to revisit the issue of the origin of the supersonic turbulence inferred in the ionized gas
of Giant HII Regions using the prototypical 30 Doradus nebula in the LMC as a guide. We find that the velocity width of the integrated
Hα line-profile of 30 Doradus can only be explained by the motion of macroscopic parcels of gas driven by the gravitational potential
of the stars and gas with a significant contribution of stellar winds. At all positions within the nebula we find that an additional very
broad (σ = 40 − 50 km s−1) unresolved component is required to fit the extended wings of the profiles. We find that fitting two
Gaussian components to the integrated emission-line profiles provides a robust way of separating the contributions of stellar winds
and gravity. Assuming an effective radius of 10pc for the nebula we thus infer a dynamical mass of ∼ 106 M for 30Dor. Our analysis
of published observations of the second largest Giant HII Region in the Local Group, NGC 604, shows that our results for 30 Doradus
apply to GHR as a class.
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1. Introduction
Besides the obvious difference in size, the fundamental dis-
tinction between Giant HII Regions (GHRs) and their smaller
(mostly) Galactic counterparts (e.g Orion) lies in the velocity
width of their integrated emission-line profiles. While small HII
regions have thermal velocity widths, the integrated widths of
GHRs are highly supersonic. Although this fundamental dif-
ference has been known since the work of Smith & Weedman
(1970), it is not yet well understood.
Thus, while the integrated profiles of GHRs have super-
sonic velocity widths (at a typical electron temperatures of
Te = 104K), there is no consensus as to whether supersonic
line-widths prevail at high spatial resolutions. For example, Chu
& Kennicutt (1994) obtained high spatial resolution long-slit
echelle spectra of the prototypical 30 Doradus GHR in the LMC
(henceforth 30Dor) where the line-profiles are resolved into mul-
tiple velocity components, none of which by themselves exhibit
supersonic velocity widths. These results have been affirmed by
Melnick et al. (1999) using even higher spatial and spectral res-
olution observations.
On the other hand, high-multiplex imaging Fabry-Perot
(TAURUS) observations of NGC 604 – the iconic GHR in M33
– seem to show supersonic velocity-widths down to the smallest
spatial scales observed, which, however, correspond to spatial
scales some 20 times larger than the NTT observations of 30Dor
of Melnick et al. (1999).
The large angular size of 30Dor also means that until recently
it has been difficult to fully map its emission line-profiles at high
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? Partly based on observations made with ESO Telescopes at the La
Silla Paranal Observatory under programmes 072.C-0348; 182.D-0222;
and 60.A-9700(G), and programme ID 076.C-0888, processed and re-
leased by the ESO VOS/ADP group.
spatial and spectral resolution. This has changed with the ad-
vent of high multiplicity, high spectral resolution instruments
like FLAMES on the VLT (Pasquini et al. 2002). In particu-
lar, Torres-Flores et al. (2013) published a FLAMES/GIRAFFE
map of 30Dor that allowed them to address some of the issues
raised by Chu & Kennicutt (1994) and Melnick et al. (1999). By
and large they confirm the findings of the previous studies, al-
though they exhibit a couple of regions (mostly in the periphery
of the nebula) where the line-profiles appear to be very narrow
and seem to lack the broad unresolved component described by
Melnick et al. (1999).
In this paper we revisit the issue of the nature of the su-
personic motions in GHR by means of a re-analysis of the -
now public - data from Torres-Flores et al. (2013) and from the
VLT FLAMES Tarantula Survey - VFTS (Evans et al. 2011), plus
new high resolution HARPS spectra of two characteristic regions
within the nebula.
2. Summary of previous results
2.1. 30 Doradus
The results of the investigations of Chu & Kennicutt (1994),
Melnick et al. (1999), and Torres-Flores et al. (2013) can be
broadly summarized as follows:
1. When observed at high spatial resolution, regions of in-
tegrated supersonic line-profiles in 30Dor are invariably
resolved into multiple components of different radial ve-
locities, but subsonic (at Te ∼ 104K) line-widths. In other
words nowhere in 30Dor do we observe (spatially resolved)
Gaussian profiles with supersonic velocity widths down to
scales of 0.1-0.2pc;
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2. At all positions - but covering only the central 40pc of the
nebula - the profiles of Melnick et al. (1999) show broad
extended wings, which can be fitted by adding a Gaussian
component of σ = 45.5 km s−1. However, at large distances
from the center of the nebula (R136), Torres-Flores et al.
(2013) identified some regions where the profiles are narrow
and seem to lack this broad component, although they still
require additional components to fit features in the wings of
the lines;
3. Both 30Dor and NGC 604 are pervaded by hot (Te ∼ 107K)
X-ray emitting gas that seems confined by large ionized-gas
structures that resemble bubbles or tubes (Townsley et al.
2006). These structures seem to be cavities in the ambient
gas carved out by the stellar winds of the massive stars;
As emphasized by Melnick et al. (1999), these results lead
to the strong conclusion that in 30Dor the supersonic velocity
width of the integrated emission-line profiles is the result of the
motion of macroscopic parcels of gas propelled by the combined
action of gravity and stellar winds. In other words, the widths of
the integrated profiles reflect the motions of rather large clumps
of ionized gas.
Thus, while hydrodynamic effects play a crucial role in pro-
ducing the bubbles, loops, and filaments that give 30Dor the ap-
pearance of a large spider (the Tarantula) and contribute to propel
the macroscopic gas motions, within these macroscopic parcels
of gas the turbulence is subsonic and spatially unresolved.
2.2. NGC 604
Largely owing to the high-multiplex capabilities of the TAURUS
instruments on La Palma, the turbulence of the gas in NGC 604
has been characterized better than that of 30Dor in spite of the
difference of a factor of ∼ 17 in distance.
NGC 604 has been observed from La Palma using TAURUS-
1 at the INT (Yang et al. 1996) and TAURUS-2 on the WHT (Sa-
balisck et al. 1995) with resolutions of 1.1′′ and 1.8′′ correspond-
ing to 4.5pc and 7.3pc at the distance of M33 1 Muñoz-Tuñón
et al. (1996) re-analyzed the TAURUS-2 data using smaller bins
of 5 × 5 pixels, or about 5.3pc × 5.3pc and a spectral resolution
of 12.6 km s−1. The same TAURUS-2 data, but without binning,
were used by Medina-Tanco et al. (1997) to characterize the tur-
bulence energy cascade in NGC 604. The results of these inves-
tigations, which followed the earlier work of Kennicutt (1984),
can be summarized as follows,
1. Contrary to 30Dor, NGC 604 shows several peaks in its
surface brightness distribution, which are often referred to
as dynamical cores. None of these peaks corresponds to
peaks in the velocity dispersion of the gas as measured by
the width of Hα, but the cores dominate the luminosity of
the integrated profile;
2. While the integrated Hα line-profile of NGC 604 is domi-
nated by the bright cores, the outer, less luminous, regions
are dominated by large expanding shells which contribute
significantly through their multiple profiles and thus much
larger velocity dispersions.
1 The pixel size of TAURUS-2 is 0.26′′; Sabalisck et al. (1995) used
boxes of 7 × 7pix2 to analyze the data.
3. The analysis of the TAURUS-2 observations by means of
two-point correlation functions by Medina-Tanco et al.
(1997) appears to show that NGC 604 has a well developed
turbulent kinetic energy cascade, which they interpret as a
double cascading spectrum of forced 2-D turbulence or as
Kolmogorov 3-D turbulence;
4. As mentioned above, the ionized gas in NGC 604, as in
30Dor, is characterized by several large "super-bubbles" of
warm (Te = 104K) filled with hot, X-ray emitting plasma,
beautifully seen in the Chandra images of Tüllmann et al.
(2008).
The results from TAURUS-II data are inconsistent with pre-
vious observations from long-slit echelle and TAURUS-I. There-
fore, since we were unable to obtain the original data for further
checks, it seems safer to just ignore the TAURUS-II results in
comparing NGC 604 to 30Dor.
The interplay between the various phases of the interstel-
lar medium in giant HII regions is crucial to understand their
kinematics because the speed of sound of the warm medium
is ∼ 10 km s−1while that of the hot gas is several hundreds
of km s−1. The issue of the energetics of the large expanding
superbubbles in NGC 604 raised by Yang et al. (1996) has re-
cently been revisited by Rosen et al. (2014) who argue that, if
anything, the expanding shells require only a small fraction of
the total wind energy available and that therefore winds escape
basically "unspent" from the parent GHRs.
3. 30 Doradus in Flames
Figure 1 presents a superb public image of 30 Doradus taken
with the Wide Field Imager (WFI) on the 2.2m telescope at La
Silla. The circle identifies the region r < 30pc that we will
henceforth refer to as the core of the nebula. The figure nicely
illustrates the intricate pattern of loops, shells, and filaments that
characterize the nebula. The region of the core looks like the
mouth of the huge spider that gives its name to this nebula: the
Tarantula.
The FLAMES/GIRAFFE observations described above al-
low us to compare the two prototypical GHRs in the Local Group
in much more detail than has hitherto been possible with long slit
observations. We begin by examining the integrated profiles.
3.1. Integrated Profiles
3.1.1. Overall Nebula
Torres-Flores et al. (2013) have raised some doubts about the
structure of the integrated Hα profiles of 30Dor, so we first an-
alyze this issue in order to set the ensuing discussion on self-
consistent grounds.
We used a subset of the data discussed by Torres-Flores et al.
(2013) that we downloaded pipeline-processed from the ESO
Archive (Phase3). We discarded from this data set all points
showing discernible contamination to the nebular profiles by
stellar features, leaving a total of 1668 individual spectra in our
full sample.
Figure 2 shows the integrated profiles determined from these
data in two different ways. The top panel shows the average of
the 1668 individual FLAMES/GIRAFFE spectra. Torres-Flores
et al. (2013) provide graphical illustrations of how the data sam-
ple are distributed in the nebula showing that the central regions
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Fig. 1. Hα image of 30 Doradus taken with the Wide Field Imager on
the 2.2m telescope at La Silla. The circle at the center separates the core
(r < 30pc) from the halo (r ≥ 30pc) of the nebula. The full mosaic is
publicly available through the ESO Archive.
are more densely sampled than the outskirts mostly by the VFTS
observations.
Thus, in order to check for effects that this inhomegeneous
sampling may introduce, the lower panel of the figure shows the
integrated profile using only the data from the uniform grid of
Torres-Flores et al. (2013) for a total of 879 points.
Our Gaussian fits for both the Full Sample and the Uniform
Grid profiles are surprisingly similar given the differences in the
two samples. The widths of the profiles also agree with those
of Melnick et al. (1999) and Torres-Flores et al. (2013) for the
core of the line, but the broad component of Torres-Flores et al.
(2013),σ2 = 49.1 km s−1, is significantly broader than oursσ2 =
41.8 km s−1for the same sample.
The discrepancy is much larger than the formal fitting er-
rors (< 1 km s−1), but it is well known that the parameters of
multi-Gaussian fits are quite sensitive to the statistical errors of
the data, which probably explains the discrepancy. We used the
errors provided by the ESO Phase3 pipeline propagated through
our various manipulations of the data. Notice also that two Gaus-
sians do not fit the center of the line for which a third component
is required.
Given that the full sample seems to provide a reasonably un-
biased representation of the integrated profile of the nebula, we
use this sample to bin the data in different ways. This would oth-
erwise not be very meaningful using the uniform grid because
the number of points in each bin would be too small.
3.1.2. Radial bins
We divided the data in five radial bins: r < 30pc - the core
of the nebula as defined above - that encompasses the bulk of
the ionizing stars and also as shown in Fig 1 contains most of
the brightest regions of the nebula; Ring1: 30pc ≤ r < 40pc;
Ring2: 40pc ≤ r < 60pc; Ring3: 60pc ≤ r < 80pc; and Ring4:
r ≥ 80pc. These profiles are presented in Figure 3 together with
Gaussian fits of the minimum number of components required
Fig. 2. Top. Integrated Hα profile of 30 Doradus using all the available
data (1668 points). Two Gaussian components are required to fit the
core and the winds of the line shown by the black line. The legend
reports the widths of each component as well as the width from a single
Gaussian fit (σ0). Bottom. Same as top, but using only 879 points from
the uniform grid of Torres-Flores et al. (2013). The legends also give
the radial velocities of the single Gaussian components relative to the
core of the nebula: V30Dor = 264.4 km s−1.
to reproduce reasonably well the integrated profile of each radial
bin.
The figure shows a clear tendency of the profiles becom-
ing narrower outwards from the core and also more asymmet-
rical. Notice that the width of the core of the nebula (σ0 =
29.5 km s−1) is essentially identical to the width of the in-
tegrated profile of the full nebula shown in Figure 3 (σ0 =
29.4 km s−1), but is significantly narrower than the width for
the central 2′ × 2′ of 30Dor obtained by Mendes de Oliveira
et al. (2017) from Fabry-Perot observations (37 km s−1observed;
34 km s−1corrected for thermal and instrumental broadening).
3.2. The Peak-intensity line-width diagram of 30Dor
Muñoz-Tuñón et al. (1996) demonstrated the usefulness of plot-
ting the widths (σturb) of the single Gaussian fits at each position
in the nebula as a function of the peak-intensity of the Gaussian
fit. This diagram for 30Dor is presented in Figure 4 for the 1668
individual FLAMES/GIRAFFE positions of our full sample. The
velocity widths have been corrected for thermal, instrumental,
and fine-structure broadening as described in the next section.
The plot for 30Dor is markedly different from the diagram
for NGC 604 of Muñoz-Tuñón et al. (1996) (their Figure 4). but
is very similar to that of Yang et al. (1996) for this nebula. The
origin of the discrepancy turned out to be a rather complicated
issue to which we will return after completing the analysis of the
30Dor data.
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Fig. 3. Integrated profiles of the core of 30Dor (r < 30pc) and 5 radial
bins defined as follows: Ring1: 30pc ≤ r < 40pc; Ring2: 40pc ≤ r <
60pc; Ring3: 60pc ≤ r < 80pc; and Ring4: r ≥ 80pc. The legends also
give the radial velocities relative to the integrated velocity of the nebular
core that defines our rest-frame for 30Dor.
Fig. 4. 30Dor corrected velocity width σturb as a function of the peak
intensity of the single Gaussian fits. The dashed line corresponds to the
corrected velocity dispersion of the overall nebula given in Table 1.
.
3.3. The radial-velocity dispersion test
If our conclusion that the emission-line profile widths of GHR
reflect the velocity dispersion of the gas, we expect the rms dis-
persion of the radial-velocities of the peaks of the individual pro-
files to be similar to the velocity-width of the integrated profile.
The results of the test for 30Dor are presented in Table 1
where the columns give: N, the number of spectra involved; λ0
the average wavelength of the peaks; Vrad, the corresponding he-
Table 1. The radial-velocity dispersion test
Individual Profiles N λ0 Vrad rms < σ >
Intensity Peaks 1668 656.8603 264.6 18.2 —
Gaussian Peaks 1668 656.8615 264.7 14.5 19.3
Integrated Profile σ0,turb σ1,turb
Full Sample 1668 656.8599 264.5 26.6 20.3
Uniform Grid 879 656.8566 262.9 25.9 19.8
liocentric radial velocity; the rms dispersion of the radial veloci-
ties of the peaks; and <σ > fhe average (corrected) width of the
single Gaussian fits.
The top rows give the results for two different ways of mea-
suring the peak radial-velocities. The first, labelled ’Intensity
Peaks’ simply identifies the wavelength of the brightest pixel
(the mode) of the Hα line. As discussed above, often the pro-
files show multiple components in which cases ’Intensity Peaks’
simply chooses the strongest peak. Conversely, ’Gaussian Peaks’
uses single Gaussian fits to these profiles, so in those cases the
peak velocity is a sort of intensity-weighted average of the radial
velocities of the multiple peaks of the profiles.
For reference the table also gives in the two bottom rows
the results for the single-Gaussian fits of the integrated profiles
shown in Figure 2, corrected for thermal (9.1 km s−1for Te =
104K); instrumental (7.8 km s−1, Torres-Flores et al. 2013); and
fine-structure broadening (3.2 km s−1, García-Díaz et al. 2008).
3.3.1. Single and double profiles
Chu & Kennicutt (1994) showed that a substantial fraction of
the Hα profiles in 30Dor are double or multiple. This explains,
at least qualitatively, the difference in the velocity dispersions of
the "Intensity Peaks" and "Gaussian Peaks" shown in Table 1.
To quantify this conjecture we divided the 1698 profiles of
our full sample in two groups: "double" and "single" using a
simple algorithm based on first and second derivatives to detect
multiple peaks. We defined as "double" all profiles for which
the peak-intensity of the second strongest (the weak) component
(P2) is at least 10% of the peak-intensity of the strongest compo-
nent (P1): P2/P1 > 0.1. The properties of these two "families"
of profiles are summarized in Table 2
Table 2. Properties of the two families of profiles
N V1 V2 P2/P1 σturb
1059 0.3 ± 12.8 —- —- 20.4
609 0.9 ± 24.9 4.1 ± 54.8 0.47 ± 0.29 36.2
The table lists the number of profiles in each family (N); the
mean radial velocities of the two peaks (V1 and V2) relative to the
core of the nebula; the average ratio of peak intensities P2/P1;
and the corrected widths of single Gaussian fits to the sum of all
profiles (Figure 6), σturb. Given as ± are the rms dispersions of
the corresponding averages.
Notice that these statistics are affected by several selection
effects: our peak-finding algorithm cannot detect peaks that are
very close, and we imposed a 10% limit to the ratio of peak-
intensities for separating "single" and "double" profiles, plus
the fact that our "full sample" does not cover the nebula uni-
formely. Cleary, however, these statistics show that profiles with
two peaks of comparable intensities are very common in 30Dor.
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Figure 5 shows the histograms of radial velocities of the two
components of our "double" profiles. As in Table 2, P1 corre-
sponds to the strongest peak and P2 to the weaker one. A re-
markable feature of these histograms is that tP1 is mostly at rest
relative to the core whereas P2 expands toward or away from
the core of the nebula at velocities of ∆V = ±30 − 50 km s−1.
Notice, however, that the strong peak also shows two wings at
+30 km s−1and -35 km s−1. We have verified that when the ra-
dial velocity of P1 lies within one of these wings, the radial ve-
locity of P2 lies in the opposite side its corresponding wing such
that these cases correspond to the largest expansion velocities:
both the strong and the weak components are moving fast and in
opposite directions.
Fig. 5. Distribution of radial velocities relative to the rest frame of
30Dor of the two components of our "double" profiles. P1 (orange) rep-
resents the component with highest peak intensity and P2 (green) the
weaker component. The solid line represents a Gaussian fit to the cen-
tral peak (±40 km s−1) of the P1 distribution gwith σ = 6.9 km s−1.
Table 2 shows that "single" profiles are also at rest relative
to the core of the nebula, but their radial-velocity dispersion is
substantially smaller than that of the "double" profiles. This ex-
plains why the global velocity dispersion of "Intensity Peaks"
(Table 1) is higher than that of "Gaussian Peaks" because it
includes the full expansion velocities of the "double" profiles.
Since the stronger component is generally at rest relative to the
centroid of the nebula, the single Gaussian fits (illustrated by the
colored line in the typical profiles shown in Table 2) generally
peak at half of the radial velocity of the weak component, which
as shown in Figure 5 cluster around ±40 km s−1.
We need one additional piece of information in order to inter-
pret the radial-velocity dispersion test. This is provided in Fig-
ure 6 that plots the sums of all profiles of each family: "single"
(top) and "double" (bottom). The corrected widths of the corre-
sponding single Gaussian fits are given in Table 2 as σturb.
Since the rms radial velocity dispersion of the "single" lines
is 12.8 km s−1(Table 2), the intrinsic width of a typical single
line in 30Dor is σint =
√
20.42 − 12.82 = 15.9 km s−1.
When integrated over the nebula the profiles are broadened
by random motions driven by the combined gravitational poten-
tial of stars and gas, and by wind driven expansion. Figure 5
shows that the sum of the individual "double" (expanding) pro-
files can be modeled by the sum of 5 Gaussians: the central peak
of P1 (the strong component), and two Gaussians for the "wings"
Fig. 6. Top. Full-sample average of the "single" profiles. The radial
velocity and the dispersion are indicated in the legend. Bottom. Full-
sample average of the "double" profiles.
of the strong component plus two for the "wings" of the weak
component.
In turn, the global integrated profile of 30Dor is the sum of
three Gaussians components: one for the "single" profiles; one
for the "double" profiles; plus the broad diffuse component that
is present in all the individual spectra across the nebula.
Fitting two Gaussians to the global profiles, therefore, turns
out to be a robust way of separating the contributions of gravity
and winds assuming that the broad diffuse component is also due
to winds. Thus, the "virial" velocity dispersion of the HII gas in
30Dor is σvir = 20.3 km s−1(cf. Figure 2 & Table 1).
3.4. The turbulent energy cascade
Medina-Tanco et al. (1997) observed a well developed turbu-
lence spectrum in NGC 604 where both the first order, and par-
ticularly the second order structure functions, (which they call
two-point correlation functions and denote F1,2(r)), have signif-
icant power. In other words, the function,
S 2(r) =< [v(x) − v(x + r)]2 > (1)
– the square of the difference in radial velocity between two
points separated by a distance r averaged over all pairs of posi-
tions separated by r – correlates strongly with r. Medina-Tanco
et al. (1997) found that in NGC 604, S 2(r) is a power-law of
slope ∼ 5/3 for r ≤ 10pc and flattens at larger separations.
This is at odds with our claim that the main broadening
mechanism for the supersonic line-widths of the emission lines
of GHR is due to the motions of macroscopic clumps of gas
propelled by gravity and winds discussed above, so it is very
interesting to check whether a similar kinetic energy cascade is
observed in 30Dor.
We used our full sample to construct the structure function
for 30Dor, which is shown in Figure 7. Typically each point is
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the average of 16000 to 78000 pairs except for the smallest sep-
aration that has only 6500 pairs. The vertical bars represent the
rms dispersion of each average point.
Fig. 7. The structure function of 30 Doradus. The average square of the
difference in radial velocity between all pairs of positions separated by
a distance r is plotted as a function of r. The dashed line represents the
square of the corrected velocity dispersion of the nebula measured from
a single Gaussian fit to the integrated profile (cf. Fig.2 and Table 1).
We find that in 30Dor the second order two point correlation
function is flat and that the dispersion at any separation is much
larger than the overall range of the function. The slope of the
function for r < 10pc is 0.25, much shallower than the value
of 5/3 predicted by theory and observed by Medina-Tanco et al.
(1997) for r < 10pc in NGC 604.
We therefore find no structure in the turbulence of 30Dor.
This is consistent with our conclusion that, at least in 30Dor,
we do not observe hydrodynamical turbulence, but the motion
of macroscopic parcels of gas. We have no explanation for the
power of the two-point correlation function observed by Medina-
Tanco et al. (1997) in NGC 604, except to mention that they used
unbinned data with a pixel size of 0.26” and a beam size (seeing)
of 1”.
As a reference we calculated the structure function of a
103M virialized cluster of 2000 kindly provided by Sverre Aas-
seth and shown in Figure 8.
Fig. 8. Structure function of a virialized cluster of 2000 particles. All
particles have equal masses and the total mass of the cluster is 103M.
For a virialized system S 2(r) ' 2σ2 and the velocity dispersion σ is
constant in the core.
The structure function of a virialized cluster is quantitatively
different from that of 30Dor, but still provides a much better
approximation than a Kolmogoroff turbulent energy cascade: in
both cases S 2(r) is rather flat. Since the average radial velocity
of a virialized cluster is very close to zero, S 2(r) ' 2σ2 is flat in
the core of the cluster (where σ is constant) and drops at larger
radii.
We probably do not resolve the core 30Dor (if it has one in
the HII mass distribution) but we observe that S 2(r) increases
slowly up to r ∼ 30pc – the typical size of wind-driven expand-
ing shells in 30Dor (Chu & Kennicutt 1994) – where it becomes
flat and then decreases gently from r > 40pc to r ∼ 100pc. The
slow increase at r < 30pc is probably due to the correlated effect
of expansion shells that peaks at r = 30 − 40pc. The subsequent
decrease is a combination of the absence of correlated structures
larger than 40pc and the fact that, as shown in Figure 8, in virial-
ized systems the velocity dispersion decreases outside the core.
Both in 30Dor and in our virialized cluster S 2(r) drops
sharply as we approach the edge of the system. In 30Dor the
profiles at large radii tend to be single and have very small radial
velocities, as expected if we are observing the edges of a gigantic
expanding bubble. In virialized systems the orbits are predomi-
nantly radial and at large projected distances to the center have
very small velocity components perpendicular to the plane of
the sky.Thus, If gravity is the main cause for the drop, it implies
that the Giant Molecular Cloud that spawned 30Dor was in virial
equilibrium before the first stars formed.
3.5. HARPS observations
In order to investigate the nature of the broad component that
is present in almost all the individual profiles of 30Dor (but
see Torres-Flores et al. 2013 for some exceptions), we obtained
HARPS observations of two characteristic regions of 30Dor. One
at the very center, R136, and the second at the position of Fila-
ment F from our NTT observations (Melnick et al. 1999) about
8pc due west of R136. HARPS provides spectra at a resolu-
tion of R=100000 covering the spectral range between 370nm
and 690nm with a spatial resolution, determined by the entrance
fiber, of 3”. The particular reason of using HARPS was to inves-
tigate whether the broad component that we observed in Hα is
also present in the forbidden lines, particularly [OIII]5007Å.
Figure 9 shows the HARPS spectrum of the center of 30Dor
(R136) that nicely illustrates the extremely broad "feet" of the
Balmer lines from the massive WN7h stars in R136, the core of
the ionizing cluster of 30Dor that provides a significant fraction
of the total ionizing flux (Doran et al. 2013). Similar features
are observed at several positions within the nebula where such
massive stars are found (Evans et al. 2011).
Fig. 9. HARPS spectrum of the center of 30 Doradus (R136) showing
the broad features of the massive WN7h stars in the core of its ionizing
cluster. The insert shows the nebular Hβ line superposed on the broad
absorption trough of the stellar component.
Article number, page 6 of 9
Melnick et al.: Turbulence in Giant HII Regions
Figure 10 presents a comparison between the Hα and the
[OIII]5007Å nebular profiles at the two positions observed with
HARPS. 2 The combination of lower S/N and significantly larger
thermal broadening implies that at both positions Hα can be fit-
ted reasonably well with only three components: two for the
expanding shell (the double peak) plus one to fit the extended
wings.
The [OIII] lines have higher S/N and much smaller thermal
broadening (2.3 km s−1vs. 9.1 km s−1for Hα at 104K), allowing
to discern a significantly more complex structure at the same
positions requiring at least 7 components (plus the broad wings)
at the center, and at least 5 components plus the broad wings for
Filament F. As emphasized by Torres-Flores et al. (2013) multi-
gaussian fitting is a rather subjective undertaking because the
number of components can be a matter of choice.
Thus, as we showed in Melnick et al. (1999), except for
the broad wings, all other components have subsonic velocity
widths: we do not observe unresolved supersonic turbulence. A
similar conclusion regarding the multiplicity of the Balmer lines
compared to the metal lines for the Orion nebula was reached by
García-Díaz et al. (2008). This, and the fact that a broad Gaus-
sian component of σ ∼ 40 − 50 km s−1is required to fit the ex-
tended wings of both Hα and O[III], is the main result from our
multi-gaussian fitting exercise.
In Section 3.3 we showed that more than half of all Hα pro-
files in 30Dor are multiple with an average ratio of ∼ 50% for
the peak-intnsities of the two brightest components, similar, in
fact, to the Hα profiles shown in Fig. 10. We also found that
the average "intrinsic" width of individual components is super-
sonic with σint ∼ 15.9 km s−1. Our HARPS observations show
that each of these apparently single lines have multiple subsonic
components that cannot be discerned in Hα, but are clearly re-
solved in [OIII]. Actually this structure can also be clearly seen
in the FLAMES profiles of the brightest regions in the [NII] and
[SIII] lines. We find no evidence, therefore, of random super-
sonic motions in the warm ionized gas of 30 Doradus. Only the
wind-driven shells expand supersonically.
4. NGC 604 revisited
As we remarked above, despite the fact that two of us were co-
authors of some of these papers, there are several inconsistencies
in the published results for NGC 604 that we have been unable
to resolve.
The most relevant for the present study are: First, the peak-
intensity line-width diagram of Muñoz-Tuñón et al. (1996)
shows no points below ∼ 17 km s−1while that of Yang et al.
(1996) bottoms at ∼ 12.7 km s−1in both their echelle and their
TAURUS-I data sets. Since the overall velocity dispersion of
the nebula is 17.8 km s−1(Yang et al. 1996), there is something
odd with the TAURUS-II results of Muñoz-Tuñón et al. (1996)
from which one would infer an integrated velocity dispersion of
∼ 21 km s−1.
The second problem is that in the analysis of Medina-Tanco
et al. (1997) the velocity dispersion of the nebula is much
larger than even the largest pairwise gradients in radial veloc-
ity. Medina-Tanco et al. (1997) used same TAURUS-II data
as (Muñoz-Tuñón et al. 1996). Unfortunately Nanci Sabalisck
passed away in 2018, so the original data are no longer available
for a full re-analysis. However, Gustavo Medina-Tanco kindly
2 In fact HARPS provides two fibers - object/sky - at each pointing,
but in our case the sky fibers have significantly lower S/N so we chose
not use them here.
Fig. 10. Nebular line-profiles at the two positions observed with
HARPS. Hα profiles in the bottom panels and [OIII]5007 at the top.
The multi-gaussian fit components are plotted in red and the solid black
line shows the overall fit.
made available to us the radial velocity data from Sabalisck’s
single-Gaussian fits (Sabalisck et al. 1995).
Thus, although we were unable to check the line widths,
we were able to re-compute the structure function S 2(r) that is
shown in Figure 11.
Our structure function is similar to that of Medina-Tanco
et al. (1997) with two important differences: we plot the rms
dispersion of each average that we find to be significantly larger
than the "measure of the dispersion" shown in their paper; and
at large separations our points tend to go up, whereas theirs con-
tinue to decrease.
The dashed line represents the integrated velocity dispersion
squared of the nebula that is much larger than the average dif-
ference in radial velocity for all separations. In fact the velocity
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Fig. 11. Structure function of the central 91 × 91pc2 of NGC 604 us-
ing the same radial velocity data from Medina-Tanco et al. (1997). The
dashed line shows the overall velocity dispersion of the nebula from
Yang et al. (1996) squared.
dispersion from these data is only σ = 7.2 km s−1compared with
σturb = 17.8 km s−1from the integrated profile (Yang et al. 1996).
While it may be possible to reconcile these two values as-
suming, for example, that the central part of NGC 604 is very
elongated along the line of sight, the fact that peak-intensity line-
width diagram of Muñoz-Tuñón et al. (1996) is so different from
that of Yang et al. (1996) and from that of 30Dor indicates again
that there may be a problem with the TAURUS-II data. Con-
sequently we have discarded the TAURUS II results from our
analysis.
5. Discussion
5.1. The birth of Giant HII Regions
As remarked in the introduction, in order to interpret the obser-
vations of 30Dor presented in this paper, it is crucial to consider
all phases of the interstellar medium and not only the warm pho-
toionized component. Therefore, our discussion will be based
on the 2-D hydrodynamical simulations of Tenorio-Tagle et al.
(2006) and the X-ray observations of 30Dor of Townsley et al.
2006 (but see also Doran et al. 2013 for a star-by-star discussion
of feedback processes in 30 Doradus).
The progenitors of GHR are turbulent Giant Molecular
Clouds (GMC). These clouds are clumpy and highly turbulent
as a consequence of multiple prior generations of star formation;
the gravitational field of the parent galaxies; and their own grav-
itational potential which is substantial given the large masses of
these giant clouds (e.g. Krumholz et al. 2019). Thus, even before
any stars form, the turbulence within the GMCs is supersonic
(with respect to the sound speed of the molecular gas ∼ 1 km
s−1), which causes that the condensations accrete further molec-
ular material as this cools behind their leading shocks. This sets
the initial conditions at the onset of star formation, which likely
occurs within the largest and most massive condensations.
As the newly formed stars reach the main sequence (MS),
the sudden and ample supply of UV photons changes the sound
speed to about 10 km s−1 in all the gas that becomes photoionised
and includes all or most of the condensations that were formerly
orbiting the parent cloud where the stars formed. At the same
time, the strong stellar winds from the most massive stars (that
reach the MS first) collide with neighbouring winds generating
multiple shocks that thermalize the winds and cause the large
overpressure within the star forming volume that ends up driving
the shocked stellar wind gas as an isotropic supersonic cluster
wind (Vclw ∼ 1000 km s−1) into the surrounding medium.
The cluster wind is immediately confronted with the large
number of neighbouring condensations, some of them fully or
partially ionised, and the interaction leads to another (global)
reverse shock that heats up the incoming cluster wind gas to very
high temperatures (T ∼ 107 K).
The resulting hot gas rapidly expands along the paths of least
resistance flowing between and around the high density conden-
sations that were originally part of the parent GMC. This expan-
sion generates secondary shocks that sweep-up the low density
medium producing large bubbles and super-bubbles that eventu-
ally break-up allowing the hot gas to escape and thus create the
hierarchy of shells, tubes, and filaments that characterize GHR.
The expansion eventually reaches the edge of the GMC and the
winds escape into the intergalactic medium carrying with them
the products of stellar evolution (Tenorio-Tagle et al. 2006).
The "double" profiles detected everywhere in 30Dor man-
ifest the hierarchy of expanding shells around bright (hence
dense) ionized condensations and filaments. The fact that the
double profiles are predominantly assymetric is due to differ-
ences in the background densities of the medium against which
the shells expand, while the alternating blue-shifted and red-
shifted peak intensities is due to projection effects. Still, the equi-
librium pressures for all shells are practically the same when we
see them, so they all expand at approximately the same velocity
of ∼ 30 − 40 km s−1.
The energetics of this process has been investigated by many
authors and we refer to the papers by Yang et al. (1996); Rosen
et al. (2014); and Doran et al. (2013) for detailed discussions.
These considerations and the results of our radial-velocity
dispersion test lead us to interpret the integrated emission-line
profiles of Giant HII Regions as the convolution of the random
motions of ionized condensations propelled by the gravitational
potential of stars+gas (with a total mass ∼ 106 M) and the ex-
pansion of multiple wind-driven shells.
5.2. The supersonic profiles of GHR: gravity and winds
Giant HII Regions and their bigger sisters the HII Galaxies sat-
isfy a tight correlation between their integrated Balmer line lumi-
nosities (L) and the velocity width of their emission line profiles
(σ; see Fernández Arenas et al. 2018 for a recent discussion).
Although not fully understood, the scatter of this L − σ relation
is tight enough to make it unreasonable to assume different nue-
bulae to have different line-broadening mechanisms. We have
shown conclusively that the velocity width of the integrated Hα
profile of 30Dor and NGC 604 results from a combination of
gravity and stellar winds, so it is reasonable to conclude that this
is the case for all GHRs.
We have also shown that fitting two Gaussians to the inte-
grated profiles provides a robust way of separating the effects
of gravity and winds, provided that the diffuse broad compo-
nent that pervades the nebula is due to a large collection of small
fast moving remnants of broken shells integrated along the lines
of sight. The "gravitational" velocity dispersion of 30 Doradus,
therefore, is σ1 = 20.3 km s−1from the two-Gaussian fit (Ta-
ble 1), the same value that we obtain from the analysis of the
"single" profiles (σturb = 20.4 km s−1; Table 2).
Assuming an effective radius of Re f f = 10pc for the nebu-
lar gas, our velocity dispersion gives a dynamical mass of M =
9.6× 105M, consistent with the photometric masses of HII gas:
8 × 105 M (Chu & Kennicutt 1994) and stars: ∼ 105 M (Sel-
man et al. 1999; Doran et al. 2013). We lack the data required
to actually measure the effective radius of the HII mass distri-
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bution of 30 Doradus, but we intend to address this issue in a
forthcoming paper.
6. Conclusions
The main conclusions of this investigation can be summarized
as follows,
1. We find full consistency between our results for 30 Doradus
and the published results for NGC 604: the integrated
emission-line profiles are broadened by the motions of
macroscopic parcels of gas propelled by the combined
action of the gravitational potential of the cluster (stars+gas)
and stellar winds, plus thermal broadening. We find no
evidence for supersonic hydrodynamical turbulence in
GHRs nor for supersonic gas motions besides the expansion
of wind driven shells;
2. It is possible to separate the contributions of gravity and
winds by fitting the integrated emission-line profiles with
two Gaussian components. Thus, we find a virial velocity
dispersion of σvir = 20.3 km s−1. The same value is obtained
by integrating only the profiles that do not show multiple
components. Assuming an effective radius of Re f f = 10pc,
we infer a dynamical mass of 9.6 × 105 M for stars+gas in
30 Doradus;
3. At all positions within 30 Doradus the profiles require a
broad unresolved component to fit the extended wings.
These wings are probably due to a large collection of
fragments of expanding shells left behind by the cluster
wind as it successively breaks out of shells of swept-up
material;
4. The analysis of the structure function of radial velocities,
and the properties of individual profiles near the edge of
30 Doradus suggest that the nebula may be confined by a
huge bubble of ionized gas. If that is the case, it is plausible
to argue that the hot X-ray emitting plasma has already
expanded to fill the entire nebula and that the individual
dense shells mask the hot plasma, but do not contain it;
5. When observed in metal lines (particularly [OIII]) the appar-
ently supersonic individual profiles in 30 Doradus seen at Hα
are resolved into multiple components of subsonic velocity
widths.
In a forthcoming paper we intend to return to some of these
issues by mapping the density and ionization structure of 30 Do-
radus. This will allow us, in particular, to estimate the effective
radius of the nebular gas and to study the energy balance be-
tween the expanding shells and the power supplied by the stellar
winds.
7. Acknowledgements
Part of this work was done during the 24th Guillermo Haro
Workshop at INAOE We are grateful to the organizers of the
meeting and to INAOE for creating and maintaining this unique
venue. We thank Sverre Aarseth for providing his n-body sim-
ulation of a virialized cluster and Gustavo Medina-Tanco for
sharing with us the Taurus-II radial velocities of NGC 604. We
also thank the PI’s of the observing programs that spawned the
treasure trove of data that we have used in this paper, and ESO
for making these data reduced and readily available through its
Phase3 archive. In particular, we thank Reinhard Hanuschik for
helping us understand some subtleties of the pipe-line reductions
of FLAMES/GIRAFFE data. JM acknowledges the hospitality
of ON and INAOE where parts of this paper were written.
References
Chu, Y.-H. & Kennicutt, Robert C., J. 1994, ApJ, 425, 720
Doran, E. I., Crowther, P. A., de Koter, A., et al. 2013, A&A, 558, A134
Evans, C. J., Taylor, W. D., Hénault-Brunet, V., et al. 2011, A&A, 530, A108
Fernández Arenas, D., Terlevich, E., Terlevich, R., et al. 2018, MNRAS, 474,
1250
García-Díaz, M. T., Henney, W. J., López, J. A., & Doi, T. 2008, Rev. Mexicana
Astron. Astrofis., 44, 181
Kennicutt, R. C., J. 1984, ApJ, 287, 116
Medina-Tanco, G. A., Sabalisck, N., Jatenco-Pereira, V., & Opher, R. 1997, ApJ,
487, 163
Melnick, J., Tenorio-Tagle, G., & Terlevich, R. 1999, MNRAS, 302, 677
Mendes de Oliveira, C., Amram, P., Quint, B. C., et al. 2017, MNRAS, 469, 3424
Muñoz-Tuñón, C., Tenorio-Tagle, G., Castañeda, H. O., & Terlevich, R. 1996,
AJ, 112, 1636
Pasquini, L., Avila, G., Blecha, A., et al. 2002, The Messenger, 110, 1
Rosen, A. L., Lopez, L. A., Krumholz, M. R., & Ramirez-Ruiz, E. 2014, MN-
RAS, 442, 2701
Sabalisck, N. S. P., Tenorio-Tagle, G., Castaneda, H. O., & Munoz-Tunon, C.
1995, ApJ, 444, 200
Selman, F., Melnick, J., Bosch, G., & Terlevich, R. 1999, A&A, 347, 532
Smith, M. G. & Weedman, D. W. 1970, ApJ, 161, 33
Tenorio-Tagle, G., Muñoz-Tuñón, C., Pérez, E., Silich, S., & Telles, E. 2006,
ApJ, 643, 186
Torres-Flores, S., Barbá, R., Maíz Apellániz, J., et al. 2013, A&A, 555, A60
Townsley, L. K., Broos, P. S., Feigelson, E. D., et al. 2006, AJ, 131, 2140
Tüllmann, R., Gaetz, T. J., Plucinsky, P. P., et al. 2008, ApJ, 685, 919
Yang, H., Chu, Y.-H., Skillman, E. D., & Terlevich, R. 1996, AJ, 112, 146
Article number, page 9 of 9
